Introduction {#S0001}
============

Ischemic heart disease with its extreme form -- myocardial infarction -- is one of the main problems of modern medicine. Apart from the increased number of premature deaths, it carries serious psychosocial and economic consequences, i.e. marked loss of productivity, worsening quality of life and increasing costs of treatment of this vast group of patients \[[@CIT0001]\]. There are many potential reasons that could lead to the exacerbation of ischemic heart disease and resulting myocardial infarction. Existence of multiple risk factors and their heterogeneous strength hamper attempts of their classification. One of the simplest and oldest classification identifies two groups: modifiable and nonmodifiable factors. The first group includes e.g. cigarette smoking, improper diet, low physical activity, dyslipidemia, including increased LDL cholesterol concentration and reduced HDL cholesterol concentration as well as presence of certain diseases, e.g. hypertension, hyperglycemia/ diabetes mellitus, obesity, presence of vascular disease caused by atherosclerosis. Nonmodifiable factors include age (men \> 45 years, women \> 55 years), male gender, family history of premature cardiovascular disease caused by atherosclerosis (men \< 55 years, women \< 65 years) as well as genetic predisposition \[[@CIT0002], [@CIT0003]\]. Despite widely available information and numerous research reports, many aspects of these disorders remain unclear. At the current state of development of biomedical sciences it is believed that dynamics of development of cardiovascular diseases are modulated by many immunological, biochemical and biophysical factors of genetic and environmental nature \[[@CIT0004]\].

To understand the issues raised in this paper, we must start by defining components of the examined structure and processes on its surface, since it will allow us to move swiftly through the presented topic.

**Myocardial infarction** is a clinical diagnosis based on clinical events in combination with laboratory tests. When these criteria are met, diagnosis of myocardial infarction is established. Myocardial infarction was differently diagnosed by physicians and scientists in routine clinical practice and in research studies, which was the cause of confusion. To resolve these problems, the European Society of Cardiology, American College of Cardiology, American Heart Association and World Health Federation in 2000 agreed and published a report that included an international and commonly accepted definition of myocardial infarction. Progress of research and numerous reports provided new data directly related to certain aspects of this definition. Therefore, an international expert group was founded and in 2007 it published a new definition of myocardial infarction. This definition is still valid \[[@CIT0005]--[@CIT0008]\].

**The complement system** is a set of approximately 40 proteins that are present in the plasma and other body fluids along with their functionally related numerous receptors and regulatory proteins. The complement fulfills an important role in congenital, humoral mechanisms of unspecific immune response \[[@CIT0009]\]. Complement activation ([Fig. 1](#F0001){ref-type="fig"}) involves a cascade of enzymatic and nonenzymatic reactions. The process of complement activation results in formation of two important enzymes: C3 and C5 convertase that strongly potentiate its effects. However, irrespective of the method of its activation, final stages of all these reactions are identical and involve formation of a membrane attacking complex (MAC) that is composed of C5b, C6, C7, C8 and polymeric C9 \[[@CIT0010], [@CIT0011]\]. The complement system requires regulation, which is supported by examples of pathologies caused by its excessive activation. For this purpose, there is a system of proteins in the plasma and on the surface of cellular membranes that regulate (control) activity of the complement. These factors have inactivating effects and result in shortening of already short half-life of convertase C3 and C5. *Factor H* is one of plasma regulatory factors; it binds C3b and facilitates factor I in inhibiting convertase C3. Factors that are present on cells are responsible for scavenging complement include: *membrane cofactor protein* (CD46) -- binding C3b and C4b, present on essentially all nuclear cells of the body; *decay-accelerating factor* (CD55) -- dramatically shortens half-life of convertases; *homologous restriction factors* (CD59) -- bind C8 and C9, inhibiting formation of MAC \[[@CIT0009], [@CIT0012], [@CIT0013]\].

![Complement activation pathways (classical and alternative)](CEJI-39-43731-g001){#F0001}

The aim of this study was to evaluate involvement of congenital, humoral mechanisms of unspecific immune response in myocardial infarction. The analysis included components C4d, C9 and membrane inhibitors CD55, CD59, and serum inhibitor, factor H, of the complement system.

Material and methods {#S0002}
====================

Tissue specimens used in the study were fixed in 4% formalin solution and embedded in paraffin according to the routine procedure. Paraffin blocks were taken from the archives of the Chair and Department of Pathology, Medical University of Warsaw. The complement proteins and inhibitors were studied in tissue specimens from 5 subjects who underwent autopsy (done within 2 days of their death). The paraffin sections were routinely stained with hematoxylin and eosin and with immunohistochemical tracers. The following antibodies were used to detect the complement components and their inhibitors in the tested tissue material:*Mouse Anti Human CD55* (AbD Serotec, UK);*Mouse Anti Human CD59* (AbD Serotec, UK);*Anitbody to Human Factor H* (Quidel, USA);*Anti Human C4d Antibody* (Oxford Biosystems, UK);*Human Complement Component C9* (Novocastra, UK).

The immunohistochemical reaction was conducted in the following manner: routinely deparaffinized sections were treated with 3% hydrogen peroxide to block an endogenous peroxidase and with 5% normal donkey serum (NDS) (Jackson Immunoresearch, USA), and subsequently solutions of primary antibodies were added. Then the reaction was incubated in a humid chamber overnight at +4°C. A peroxidase-conjugated set of secondary antibodies *ImmPress Reagent Kit Anti-Mouse Ig* (Vector Laboratories, USA) was used to detect primary antibodies, while anti-goat peroxidase conjugated antibodies were used to detect goat antibodies. 3-3' diaminobenzidine (Dako, Denmark) was used as a chromogen. Subsequently hematoxylin-stained sections were dehydrated and closed as preparations. Results of the reaction were analyzed using Nikon Eclipse 80i (Nikon, Japan).

Results {#S0003}
=======

To evaluate the structure of the examined muscle tissue, routine hematoxylin and eosin staining was performed. The staining demonstrated necrosis at different stages of development. Coagulation necrosis and necrotic muscle cells, without nuclei and cytoplasmic cross-striations and granulocyte and macrophage infiltration between them was seen in the acute myocardial infarction. Proliferation of connective tissue between myocardial cells indicates formation of a post-infarction scar ([Fig. 2](#F0002){ref-type="fig"}).

![Morphological assessment of the examined myocardial tissue was done on the basis of the routine hematoxylin and eosin staining. Scale 100 µm](CEJI-39-43731-g002){#F0002}

Immunohistochemical examination provided positive results in all cases: staining of numerous muscle cells inside and outside the necrotic zone as well as in blood vessels.

Positive reaction for the complement component C4d was present on the surface of the whole myocardial section, and was most intensive in the luminal segment of the coronary artery. Complement component C9 was also located on the surface of the whole myocardial section, while the highest immunoreactivity was found in the luminal segment of the coronary artery. Numerous positively staining fibers were found in the necrotic zone ([Fig. 3](#F0003){ref-type="fig"}).

![Immunoreactivity of the complement proteins (C4d and C9) in the examined tissue material. High staining intensity could be seen on the surface of coronary endothelium and moderate staining intensity on single myocardial cells. Scale 50 µm](CEJI-39-43731-g003){#F0003}

Staining for CD55 demonstrated accumulation of immunoreactivity for this inhibitor on the surface of the endothelium, and for inhibitor CD59 -- in the wall of the coronary artery. Positive reaction for membrane inhibitors CD55 and CD59 was found in the necrotic zone. Numerous positively staining cells were found outside the necrotic zone both for CD55 and CD59 ([Fig. 4](#F0004){ref-type="fig"}).

![Immunoreactivity of membrane complement inhibitors (CD55, CD59) in the tested tissue material. Intensive immunohistochemistry reaction could be seen on the surface of coronary endothelium and weak immunoreactions in sporadic myocardial cells. Scale 50 µm](CEJI-39-43731-g004){#F0004}

Staining for factor H demonstrated the highest immunoreactivity of this inhibitor in the luminal segment of the coronary artery. Numerous positively staining cells were found on the surface of the whole section, and occasional positively staining cells were found in the necrotic zone ([Fig. 5](#F0005){ref-type="fig"}).

![Immunoreactivity of membrane complement inhibitors (factor H) in the tested tissue material. Intensive immunohistochemistry reaction could be seen on the surface of coronary endothelium and weak immunoreactions in sporadic myocardial cells. Scale 50 µm](CEJI-39-43731-g005){#F0005}

Discussion {#S0004}
==========

Myocardial cells from the infarcted heart start expressing foreign antigens for the immune system of the body. This results in strong activation of the complement system and accumulation of extensive deposits of components of the final pathway C5b-9, *MAC* \[[@CIT0014]\]. Studies presented in this paper demonstrated colocalization of the complement components and inhibitors in the myocardial tissue. Immunohistochemical reaction for the complement components and inhibitors examined under the light microscope, demonstrated widespread abundance of these proteins in the tissues. Positive immunohistochemical reaction was found in the myocardial cells, intercellular matrix as well as in the vessel lumens \[[@CIT0015]\].

Available literature lacks detailed studies examining the role of the complement system and its inhibitors in the development and pathogenesis of myocardial infarction. The role of complement in the myocardial ischemia is mentioned only in few reports \[[@CIT0016]--[@CIT0024]\].

Studies conducted in experimental models of myocardial infarction demonstrated a potential pathophysiological role of activation of the complement system as a result of tissue ischemia. A classical component pathway was proven to be the principal complement activation pathway during injuries caused by myocardial ischemia. Serum proteins (C1-inhibitor) were used both to inhibit the effector phase as well as in later stages to reduce the infarct size \[[@CIT0014]\]. Carrier *et al*. investigated the effect of the C5 blocking antibody on the mortality rate and occurrence of myocardial infarction in patients undergoing a coronary artery bypass grafting procedure. Beneficial effects of this antibody were demonstrated, although the authors recommended confirmation of the magnitude of mortality reduction in further studies \[[@CIT0025], [@CIT0026]\]. Granger *et al*. investigated effects of pexelizumab and C5 antibody treatment on reduction of the mortality rate in patients with acute myocardial infarction undergoing percutaneous coronary intervention. They demonstrated that the combination treatment had a significant effect on protection of the myocardium during reperfusion and resulted in reduction of mortality. However, the authors in this case also recommended further studies \[[@CIT0027]\]. On the other hand, Mahaffey *et al*. investigated the effect of pexelizumab and C5 antibody treatment as an adjunctive therapy with fibrinolysis in the acute myocardial infarction. Results of this study demonstrated that the proposed adjunctive treatment had no significant effect on the myocardial infarct size. Furthermore, this new therapy was well tolerated and was not associated with an increased risk of infection or myocardial infarction \[[@CIT0028]\]. These were one of the first attempts of practical use of knowledge about the possibility of inhibition of detrimental complement activation.

After analyzing these results, we decided to study the selected components as well as inhibitors of the complement system in the myocardium subjected to ischemic necrosis, using morphological techniques and immunohistochemical reactions. Basing on conducted immunohistochemical staining and analysis of obtained results of this reaction we demonstrated the existence of complement proteins (C4d, C9) and colocalization of membrane (CD55, CD59) and soluble (factor H) complement inhibitors. Presence of complement inhibitors on the myocardial cells from the heart subjected to ischemic necrosis raises the question: why large amounts of *MAC* become deposited and why the infarction-related injury becomes exacerbated? Abnormal functioning of the complement system may have variable origin. Mutations of genes responsible for expression of important regulators of the complement system (CD59 in this case) or specific components of the complement cascade may be one of such causes \[[@CIT0029]\].

Summary {#S0005}
=======

Immunohistochemical identification of the complement proteins and inhibitors demonstrated their common presence on the surface of the myocardium subjected to ischemic necrosis. The abnormal function of the complement system may be caused by various factors, including mutations of genes responsible for expression of important regulators of the complement system or respective components of the complement cascade. Establishment of a haplotype that predisposes to the development of myocardial infarction and related abnormalities of the complement system may be a significant step towards understanding of etiology and development of new therapeutic strategies for this disorder. Therefore, studies of the complement system, such as discussed in this paper, should be continued and extended using modern research techniques to potentially contribute to effectively fight the diseases against which modern medicine remains largely helpless.
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